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D IF F E R E N T IA L  GROWTH OF THE M EN H A D EN , 
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DURING EA R LY  D E V E L O PM E N T
INTRO DUCTIO N  
T he m en h ad en s (G enus B r e v o o r tia )  b e lo n g  to  the fa m ily  
C lu p e id a e , w h ich  in c lu d e s  the h e r r in g s  and th e ir  a l l i e s .  T he gen u s  
B r e v o o r tia  in c lu d e s  s e v e n  A m e r ic a n  s p e c ie s .  B r e v o o r tia  p a tron u s  
and B_. gu n th er i ap p ear  in  the G ulf of M e x ic o , B_. p ec tin a ta  and  
a u r ea  in South A m e r ic a , and the th r e e  rem a in in g  s p e c ie s  a r e  found  
a lon g  the A tla n tic  c o a s t  of N orth  A m e r ic a . B r e v o o r tia  sm ith i  
r a n g e s  fr o m  F lo r id a  to  N orth  C a ro lin a , and, u n lik e  the o th er  s p e c ie s  r 
d o es  not r e a d ily  sc h o o l, B r e v o o r t ia  b re v ic a u d a ta  i s  found on ly  in a 
r e s t r ic t e d  a r e a  o ff C o n n ec ticu t, w h ile  B . tyran n u s r a n g e s  fr o m  N ova  
S c o tia  to F lo r id a  (H ild eb ran d , 1943). B r e v o o r tia  ty ra n n u s , b e c a u se  
of i t s  g r e a t  ab u n d an ce, w id e ra n g e , and sc h o o lin g  h a b its , i s  the m o st  
im p o rta n t c o m m e r c ia l  s p e c ie s .  E l l is o n  (1951) h as d e s c r ib e d  in  d e ­
ta il  the grow th  of the m en h ad en  in d u stry . T h is  f is h  h as b een  known  
s in c e  e a r ly  c o lo n ia l d a y s , w hen the Ind ian s taught the s e t t le r s  to  u se  
it  fo r  f e r t i l i z e r .  B e in g  an o ily  f i s h ,  w ith  m an y  s m a ll  b o n e s , it  is  
u se d  on ly  r a r e ly  a s  food . A t one t im e , the young f is h  w e r e  canned  
and so ld  a s  s a r d in e s ,  but w ith  the advent of the M aine sa r d in e  in d u str y , 
b a se d  on a m o re  d e s ir a b le  s p e c ie s ,  the u se  of m enhaden  a s  s a r d in e s  
w as abandoned. T h e m en h aden  i s  u se d  tod ay  m o s t ly  in  a n im a l food
and a s  o i l s .  T he e x tr a c tio n  o f the o i l  w as not a ttem p ted  on a c o m ­
m e r c ia l  b a s is  u n til the m id d le  of the n in etee n th  cen tu ry . N ow  the  
in d u stry  p r o c e s s e s  a g r e a te r  w e ig h t o f f is h  than any o th er  f is h e r y  
in  the U n ited  S ta te s  (A n d erso n , 1950), one b il l io n  pounds of f is h  
h a v in g  b een  p r o c e s s e d  in  1950. T he o il  is  u s e d  p r im a r ily  in  cu ttin g  
o i l s ,  p a in t, and lin o le u m . T he f is h  m e a l r e s id u e  i s  an  im p o rta n t  
co n stitu e n t of p o u ltry  fo o d , but, c o n tr a r y  to  g e n e r a l op in ion , l i t t le  
i s  u se d  a s  f e r t i l i z e r .  In th e  e a r ly  d a y s , the f is h  w e r e  caught by  
h au l s e in e s ,  tr a p s , and g i l l  n e ts . T od ay the p r in c ip a l g ea r  i s  the  
p u r se  s e in e ,  w ith  tr a p s  and g i l l  n e ts  tak in g  m en h ad en  in c id e n ta l to  
the cap tu re  of o th er  fo o d  f is h e s  (H a r r iso n , 1931).
In fo rm a tio n  co n cern in g  the b ree d in g  h a b its  of the m en h aden  
i s  v e r y  m e a g e r . K untz and R a d c liffe  (1917) r e p o r t that th e b reed in g  
s e a s o n  in  C h esa p ea k e  B a y  o c c u r s  during la te  fa ll .  Off the N ew  
E n glan d  c o a s t , b r e e d in g  ta k es  p la c e  during the e a r ly  su m m e r  w hen  
the te m p e r a tu r e  of th e  w a ter  r e a c h e s  50 d e g r e e s  F a h r e n h e it  (B ig e lo w  
and W elsh , 1925). T he in cu b ation  p e r io d  is  a p p r o x im a te ly  fo r ty -  
e ig h t h o u r s . A t h a tch in g , the p r o la r v a  is  about 4 . 5 m il l im e te r s  
lo n g , and i s  tr a n sp a r e n t . T he on ly  d iffe r e n tia te d  f in s  p r e s e n t  a re  
the p e c to r a ls ,  w h ich , h o w e v e r , s t i l l  la c k  r a y s . T he u n p a ired  f in s  
a r e  r e p r e s e n te d  by a m ed ia n  f in f o ld  w h ich  ex ten d s  c o m p le te ly  around  
the body fro m  the h ea d  to  th e y o lk - s a c .  T he d o r s a l f in  (F ig . 1) 
a p p ea r s  at a sta n d a rd  len g th  of 9 m il l im e t e r s ,  and at a len g th  of 
23 m i l l im e t e r s ,  a l l  the f in s  a r e  p r e s e n t  (K untz and R a d c lif fe , 1917).
D u rin g  the p e r io d  of grow th  fr o m  p o s t la r v a  to  ju v e n ile , s tr ik in g  
ch a n g es  take p la c e  in  body p ro p o rtio n s  and in  the p o s it io n s  of the  
u n p a ired  f in s .
F is h e s  that h ave  a  lon g  e m b r y o n ic  p e r io d  g e n e r a lly  a re  
w e ll-a d v a n c e d  upon h a tch in g  and do not h ave a  la r v a l s ta g e . S h ark  
e g g s  u su a lly  a r e  f e r t i l iz e d  in te r n a lly  and th e em b ry o n ic  d ev e lo p m en t  
ta k es  p la c e  in s id e  th e sh a r k . At b ir th , the young r e s e m b le  th e ir  
p a re n ts  (H ild eb ra n d  and S c h r o e d e r , 1928). In the sa lm o n  and tro u t, 
em b r y o n ic  d ev e lo p m e n t m ay  take s e v e r a l  m onths (B r e d e r , 1948).
T he young a r e  w e ll-d e v e lo p e d , and fu lly  p ig m en ted , and u su a lly  can  
be id e n tif ie d  e a s i ly ,  w h e r e a s  in  the h e r r in g s ,  the p o s t la r v a e  do not 
r e s e m b le  th e p a ren t.
T he h e r r in g s  a r e  c h a r a c te r iz e d  by a  sh o r t in cu b ation  p e r io d  
and by a r e la t iv e ly  p r o tr a c te d  la r v a l s ta g e . D u rin g  the m e ta m o r p h o s is  
fr o m  la r v a  to  a d o le sc e n t , th e r e  i s  a rap id  ch ange in  body p ro p o rtio n s  
a s s o c ia t e d  w ith  p ro n o u n ced  m o v e m en ts  of the u n p a ired  f in s . L eb ou r  
(1922) in h e r  w o rk  on the p ilc h a r d , S ard in a  p ilc h a r d u s , sp r a t, C lupea  
s p r a t tu s , and h e r r in g , C lu p ea  h a r e n g u s , found  that during th is  p e r io d ,  
the h ea d  and t a i l  r e g io n s  grow  r e la t iv e ly  ra p id ly , w h ile  the grow th  of 
the trunk  a lm o s t  c e a s e s .  She fo r m u la te d  a k ey  fo r  the id e n tif ic a tio n  
of the p o s t la r v a e , b a se d  on the n u m b er of m y o m e r e s  b e tw een  the  
o p ercu lu m  and the a n u s , and the s iz e  a t w h ich  the f in s  f i r s t  a p p ea red .
T h e a n a ly s is  of r e la t iv e  grow th  h a s  b een  a p p ro a ch ed  in  a  
so m ew h a t d iffe r e n t  m a n n er by M artin  (1949)* b a se d  on the o r ig in a l
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w ork  o f H u x ley  (1 9 3 2 ). W hen the lo g a r ith m  of a d im e n s io n  of the  
body is  p lo tted  a g a in s t  the lo g a r ith m  of the e n t ir e  body len g th , a 
l in e a r  r e la t io n sh ip  g e n e r a lly  r e s u lt s .  A s  H u x ley  p o in ted  out, (M artin ,
1949), a lth ou gh  body fo r m  i s  r a r e ly  co n sta n t d u rin g  grow th , the ra te  
of ch an ge of fo r m  i s  g e n e r a lly  co n sta n t o v e r  th e g r e a te r  p a r t of
grow th . T h is  ra te  of ch an ge can  be e x p r e s s e d  by th e  grow th  eq u ation
k
y -b x  w h ere  k i s  the s lo p e  of th e  lin e . W hen k eq u a ls  u n ity , the p a rt  
i s  grow in g  at the sa m e  ra te  a s  th e w h o le . W hen k i s  l e s s  than on e , 
the p a r t i s  g ro w in g  a t a s lo w e r  ra te  than th e w h o le  and if  k e x c e e d s  
o n e , it  i s  g row in g  at a  f a s t e r  ra te  than th e w h o le . M artin  found, 
a fte r  a n a ly z in g  tw en ty  s p e c ie s  of f is h ,  that grow th  fr o m  the em b ry o  
to  the ad u lt o c c u r r e d  in  11 s ta n z a s ” . B y co n tr o llin g  the en v iro n m e n t, 
h e w a s  a b le  to  sh o w  a c lo s e  r e la t io n sh ip  b e tw ee n  ra te  o f d ev e lo p m en t  
and the r e la t iv e  s iz e  of m a n y  body p a r ts . In g e n e r a l, f is h  w h ich  
d ev e lo p  in  n o r th ern  w a te r s  h a v e  a g r e a te r  n u m b er of m e r is t ic  p a r ts  
and s m a lle r  h ea d s than f is h  d e v e lo p e d  in  so u th ern  w a te r s .  T h is  b e a r s  
out the w id e ly -a c c e p te d  ru le  f i r s t  p r o p o se d  in  1892 by Jord an  (M cH ugh,
1950), that f i s h e s  r e a r e d  in  n o r th ern  w a te r s  u su a lly  h ave g r e a te r  
n u m b ers  of m e r is t ic  e le m e n ts .  T h is  s ta te m e n t d o es not a lw a y s  h o ld  
in  n a tu re , fo r  a s  T h o m p so n  (1945) h a s  s ta te d , s e v e r a l  in s e c t s  h ave  
b een  fou nd  to  d im in ish  in  s iz e  a s  the te m p e r a tu r e  in c r e a s e s .
In th e p r e s e n t  stu d y , an a ttem p t h a s  b een  m ad e to  sh ow  w hat 
ch a n g es  a c tu a lly  tak e p la c e  in  the m en h aden  w h ile  the f is h  is  u n d e r ­
go in g  m e ta m o r p h o s is  fr o m  the p o s t la r v a l to  the ju v e n ile  s ta g e . F o r
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p u r p o se s  o f c o m p a r iso n , the body d im e n s io n s  h ave b e en  c a lc u la te d  
a s  p e r c e n ta g e s  of the sta n d a rd  len gth .
5
M A TER IA LS A N D  M ETHODS  
T he f is h  u s e d  in  th is  stu d y  w er e  caught d u rin g  a b io lo g ic a l  
s u r v e y  of the R appahannock  R iv e r , V ir g in ia  (M a ssm a n n , L add and  
M cC u tch eon , 1933). M enhaden w e r e  abundant in  the r iv e r  o v e r  a  
p e r io d  of s e v e n  m o n th s , fr o m  M arch  to O cto b er . S a m p le s  w er e  
c o l le c te d  fr o m  T appahannock , the d o w n strea m  l im it  o f the a r e a  s u r ­
v e y e d , w h ere  the tr a n s it io n  fr o m  b r a c k ish  to  f r e s h  w a ter  o c c u r s ,  to  
P o r t  R o y a l, about 31 m ile s  ab ove th is  b r a c k ish  w a te r  boundary. M en ­
haden had  n ot b e en  r e p o r te d  p r e v io u s ly  fr o m  f r e s h  w a ter .
In sp r in g , sa m p le s  w e r e  taken  w ith  p lankton  n e ts  one m e te r  
in  d ia m e te r  at the m outh  (M a ssm a n n , 1952). S e in e s  w e r e  u se d  d uring  
the s u m m e r , and a  s u r fa c e  tr a w l (M a ssm a n n , L add, and M cC u tch eon , 
1952) during the f a l l  s e a s o n . T he f is h  ra n g ed  fr o m  24 to  128 m i l l i ­
m e te r s  in  sta n d a rd  len g th  (F ig . 1), and w e r e  p r e s e r v e d  in  f iv e  or  ten  
p e r  cen t fo r m a lin , d epend ing on th e ir  s iz e .
F o r  th is  grow th  stu d y , a l l  m e a su r e m e n ts  w e r e  m ade w ith  
f in e -p o in te d  d r a ftsm a n 's  d iv id e r s  and r e a d  on a  hard w ood  r u le r ,  
g rad u ated  in m il l im e t e r s .  T he s ta n d a rd  len g th  w a s r ea d  to  th e n e a r e s t  
o n e -h a lf  m il l im e te r ,  a l l  o th er  m e a su r e m e n ts  w er e  e s t im a te d  to  one - 
ten th  of a m il l im e te r .  A ll  f in  ra y  and m y o m e r e  cou n ts w e r e  m ad e  
under a d is s e c t in g  m ic r o s c o p e  at m a g n if ic a t io n s  of n ine t im e s  or  
g r e a te r . F o llo w in g  sta n d a rd  ic h th y o lo g ic a l p r a c t ic e ,  a l l  m e a s u r e ­
m en ts  w e r e  m ad e on the le f t  s id e  of th e  f is h .
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T he fo llo w in g  m e a su r e m e n ts  w e r e  m ad e (F ig . 1):
(1) H ead  len gth : F r o m  th e  tip  of the snout to  th e p o s te r io r  ed g e  
of the o p ercu lu m .
(2) S tan d ard  le n g th : T h e d is ta n c e  fr o m  the tip  of the snout to
the p o s te r io r  en d  of the h y p u ra l p la te . In p o s t la r v a l m en h ad en , 
th is  s tr u c tu r e  i s  c le a r ly  v is ib le  through  th e s e m i- tr a n s p a r e n t  
t i s s u e s  o f the ca u d a l p ed u n c le . In young and a d u lts , the  
h y p u ra l m a y  be lo c a te d  b y  f le x in g  th e cau d al f in  s lig h t ly  
la te r a lly .
(3) Snout to  th e  d o r s a l f in ; T he d is ta n c e  fr o m  the tip  of the snou t  
to  the a n te r io r  m a r g in  o f th e  b a se  o f the f i r s t  d o r s a l  f in  ra y .
(4) Snout to  the a n a l f in ; The d is ta n c e  fr o m  the tip  of the snout 
to  th e a n te r io r  m a rg in  of th e  b a se  of the f i r s t  a n a l fin  ray .
(5) Snout to  the p e lv ic  fins F r o m  the tip  of the snout to the b a se
of the f i r s t  p e lv ic  ra y .
(6) B od y  d ep th : T w o m e a su r e m e n ts  w e r e  mad®, the g r e a te s t  depth,
ir r e s p e c t iv e  of the lo c a tio n  at w h ich  it  o c c u r r e d ;  and th e depth  
of the body o p p o site  the p o s te r io r  ed g e  of the o p ercu lu m .
T he fo llo w in g  cou n ts w e r e  m ad e:
(I )  M y o m e r e s:  A ll  co u n ts  of m y o m e r e s  o r ig in a te d  at the p o s te r io r
ed g e  of the o p e r cu lu m . T he f ir s t  m y o m e r e  w a s  d e s ig n a te d  a s  
the f ir s t  m u s c le  band that cou ld  be s e e n , in  i t s  e n t ir e ty  o r  in  
p a r t, p a s t  th e  p o s te r io r  ed g e  o f the o p ercu lu m . j
(a) N um ber o f m y o m e r e s  to  the b a se  o f the f i r s t  d o r s a l fin  r a y :
7
STANDARD LENGTH
SNOUT TO BASE 
OP DORSAL PIN
SNOUT TO BASE 
OP ANAL PINSNOUT TO BASE 
OP PELVIC PINHEAD LENGTH
Figure  1 - Detail of m easurem ents  on B. tyrannus.
C ounts te r m in a te d  w ith  m y o m e r e  a n te r io r  to  the f ir s t  
d o r s a l f in  ra y .
(b) N u m b er of m y o m e r e s  to b a se  of p e lv ic  f in ; C ounts 
te r m in a te d  w ith  the m y o m e r e  a n te r io r  to the f i r s t  p e lv ic  
f in  ra y .
(c) N u m b er o f m y o m e r e s  to  an u s: C ounts te r m in a te d  w ith  
the m y o m e r e  a n te r io r  to the an u s.
(Z) F in  r a y s : In the c lu p eo id  f i s h e s ,  the a n te r io r  ra y  of the u n ­
p a ir e d  f in s  u su a lly  i s  v e r y  s h o r t , and c a r e fu l e x a m in a tio n  i s  
n e c e s s a r y  to  in su r e  that th is  ra y  i s  o b se r v e d . T he p o s te r io r  
r a y  i s  o b se r v e d . T he p o s te r io r  ra y  is  b ra n ch ed  to  th e b a se  
and it  i s  s ta n d a rd  p ro c e d u re  in  ic h th y o lo g y  to  count th e se  tw o  
r a y s  a s  on e.
(a) D o r s a l f in  r a y s : A ll  r a y s  w e r e  cou n ted  a s  c lo s e  to  the  
body a s  p o s s ib le  in o rd er  to a v o id  counting the b ra n ch ed  
r a y s  a s  m o r e  than on e.
(b) A n al f in  r a y s : A ll  r a y s  w e r e  cou n ted  a s  c lo s e  to  the body  
a s  p o s s ib le .
S ix  h u n d red  and th ir ty -fo u r  f is h  w e r e  m e a su r e d . T he data  
w e r e  then  d iv id ed  in to  grou p s a c c o rd in g  to  the sta n d a rd  len gth  to g iv e  
r e a s o n a b ly  la r g e  s a m p le s  w ith in  e a c h  c la s s .  T he sta n d a rd  len g th  
c l a s s e s  w e r e  d e s ig n a te d  by the w e ig h ted  m ea n  of a l l  m e a su r e m e n ts  
w ith in  th e  c la s s  (T a b le  1). F o r  p u r p o se s  of c o m p a r iso n , a l l  the  
a v e r a g e  m e a su r e m e n ts  w e r e  co n v er te d  to  p e r c e n ta g e s  of the sta n d a rd  
len g th .
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T A B L E  1
CLASS IN TER V A LS U SED  IN GROUPING THE  
M EA SU R EM EN TS A N D  COUNTS OF BR EVO O RTIA TYRANNUS
C la s s  in te r v a ls
in  m il l im e te r s  W eigh ted  N u m b er of f is h
of sta n d a rd  len g th  m ea n  in  sa m p le
in i r mrn--— "T r~r—— "T-~—~r    rnmmmmmmmmmmmmmi   n mmnmmm
2 4 -2 5  2 4 .9  29
26 2 6 .0  65
27 2 7 .0  62
28 2 8 .0  33
2 9 -3 1  2 9 .6  32
3 2 -3 4  33 . 1 27
3 5 -3 6  3 5 .3  37
3 7 -3 8  3 7 .4  43
3 9 -4 0  3 9 .5  31
4 1 -4 3  4 1 .8  30
4 4 -4 8  4 6 . 2 28
4 9 -6 7  6 1 .1  33
6 8 -7 3  7 0 .3  27
7 4 -7 8  75. 6 33
7 9 -8 6  8 1 .3  32
8 7 -9 5  92 . 1 34
9 6 -1 0 0  9 7 .7  25
1 0 1 -1 1 8  1 0 4 .5  28
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R E SU L T S  
H ead  L en gth
It i s  c h a r c te r is t ic  o f m o st  a n im a ls  that the young have r e la ­
t iv e ly  la r g e  h e a d s . In the c lu p eo id  f i s h e s ,  h o w e v e r , th e  h ead  in ­
c r e a s e s  in  r e la t iv e  s iz e  fr o m  h a tch in g  to  m e ta m o r p h o s is  (L eb o u r ,  
1922; M cH ugh, 1950). In the sp r a t, p ilc h a r d , and h e r r in g , L eb ou r  
(1922) sh o w ed  that d uring  m e ta m o r p h o s is ,  th e r e  i s  a ra p id  grow th  
of th e h ea d  and t a i l  r e g io n . A  c h a r a c te r  w h ich  i s  to  o ccu p y  a g r e a te r  
p o rtio n  of the body in adult l i f e  m u st g ro w  a t a f a s t e r  r a te  than the  
w h ole  to a tta in  th is  p o s it io n . In g e n e r a l,  the s h o r te r  th e la r v a l  
p e r io d  i s ,  the f a s t e r  th is  p a r t w il l  h ave to  grow . A cc o r d in g  to  M artin  
(1 9 4 9 ), is o g o n ic  grow th , w h ere  a p a rt i s  g row in g  at the s a m e  ra te  a s  
the w h o le , is  r a r e ly  o b se r v e d .
D u rin g  p o s t la r v a l  l i f e ,  the h ead  of the m en h aden  g ro w s at 
a ra te  m o r e  ra p id  than that of the body. A t a sta n d a rd  len g th  o f 25 
m il l im e t e r s ,  the h ea d  fo r m s  22 p e r  cen t o f th e  s ta n d a rd  len gth .
W hen a len g th  o f about 35 m il l im e te r s  i s  r e a c h e d , the h ead  o c c u p ie s  
about 35 p e r  cen t of the body (F ig . 2). B eyon d  th is  p o in t, the h ea d  
b e c o m e s  r e la t iv e ly  s m a l le r ,  d e c r e a s in g  to  about 32 p er  cen t of the  
sta n d a rd  len g th  at a len g th  o f 100 m il l im e te r s ,  T h is  i s  a s s o c ia te d  
w ith  an abrupt change in  the a p p ea ra n ce  of th e  f is h .  P ig m e n t  b e c o m e s  
ap p a ren t, s c a le s  b eg in  to  fo r m , and the f is h  ta k e s  the g e n e r a l a p p e a r ­
an ce of the ad u lt. T h is  in f le c t io n  p oin t c o in c id e s  w ith  the ra th er  rap id  
tr a n s it io n  fr o m  p o s t la r v a  to  ju v e n ile . H ild eb ran d  (1943) in  h is
11
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Figure Z  - Head length as percentage of standard length
of B. tyrannus,
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d is c u s s io n  of Ek ty r a n n u s , s ta te s  that in  the ad u lt f is h  the h ead  fo r m s  
28 to  36 p e r  cen t o f the sta n d a rd  len g th . T h e la r g e s t  m en h aden  e x ­
a m in ed  h e r e  f a l l  w ith in  th e s e  l im it s .  A fte r  a s ta n d a rd  len gth  of 
about 35 m il l im e te r s  i s  r e a c h e d , the h ea d  len g th  ch a n g es r e la t iv e ly  
s lig h t ly  w ith  r e s p e c t  to  the s ta n d a rd  len gth .
C h an ges in  P o s it io n  o f the U n p a ired  F in s  
It h a s  b ee n  show n (L eb o u r , 1922; F o r d , 1930) that during  
p o s t la r v a l  grow th  th e m ed ia n  f in s  o f the c lu p e id  f is h e s  change th e ir  
p o s it io n  r e la t iv e  to  o th er  p o in ts  on the body, not  o n ly  b y  r e a so n  of 
the d if fe r e n t ia l  grow th  of v a r io u s  p a r ts  of th e  b od y , but a ls o  in  at 
l e a s t  tw o o th er  w a y s . F i r s t ,  the f in  r a y s  a r e  not a l l  p r e s e n t  u n til 
the p o s t la r v a l  s ta g e  i s  a lm o s t  c o m p le te . T he p r o la r v a  h a s  no r a y s  
in  e ith e r  the d o r s a l  o r  th e an a l f in , and the f ir s t  r a y s  to  be fo r m e d  
(at a s ta n d a rd  len g th  of so m ew h a t l e s s  than 10 m il l im e te r s )  d ev e lo p  
in  the p o s te r io r  r e g io n  of th e f in . I f, a s  i s  u su a l in  ic h th y o lo g ic a l w ork , 
the p o s it io n  of the f in  i s  m e a su r e d  a s  th e d is ta n c e  fr o m  the sn ou t to the  
b a se  of the m o st  a n te r io r  r a y , th en  the r e la t iv e  fo r w a r d  m o v em en t of 
the fin  in p o s t la r v a e  w il l  be p a r t ly  a fu n ction  of the a d d ition  o f a n te r io r  
r a y s . L eb ou r (1922) a v o id ed  th is  d iff ic u lty  by m e a su r in g  to the b a se  
of the p o s te r io r  ra y , w h ile  F o r d  (1930) lo c a te d  the p o s it io n  of the  
f i r s t  d o r s a l r a y  w ith  r e fe r e n c e  to  the v e r te b r a l  cen tru m  im m e d ia te ly  
b en ea th  it .  In the p r e s e n t  stu d y , th is  w a s  not n e c e s s a r y  b e c a u se  the 
adult n um ber of r a y s  a p p ea red  to  be p r e s e n t  in  th e  s m a l le s t  f is h  
m e a su r e d .
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S e c o n d ly , it  h a s  b een  show n c le a r ly  by the au th o rs c ite d  
a b o v e , that th e se  f in s  a c tu a lly  m o v e  fo r w a r d  in r e la t io n  to  the body  
t i s s u e s .  F o r d  (1930) d e m o n str a te d  th is  p h en om en on  by sh ow in g  that 
the p o s it io n  of the f in s  in  r e la t io n  to  the v e r te b r a l  c e n tr a  is  not c o n ­
s ta n t, and he te r m e d  th is  fo r w a r d  m o v em en t a '’m ig r a tio n ” , w h ich  
in  the tru e  s e n s e  o f the w o rd  it  a p p e a r s  to be. A c tu a lly , the d o r s a l  
and an a l f in  r a y s ,  and th e ir  b a sa l e le m e n ts  the in te r n e u r a ls  and in ter-  
h a e m a ls ,  a r e  not c o n n e c te d  d ir e c t ly  e ith e r  to the body m u sc u la tu r e  
o r  to  the v e r te b r a l  c e n tr a  o r  p r o c e s s e s .  In ste a d , th ey  l ie  b e tw een  
the o u ter  c o n n ec tiv e  t is s u e  c o v e r in g s  of the band o f m y o m e r e s  on 
th e r ig h t and le f t  s id e s  of th e  bod y, and, in th e se  e a r ly  s ta g e s  at 
l e a s t ,  the in te r n e u r a ls  and in te r h a e m a ls  do not p r o je c t  b eyon d  the  
d is ta l  en d s of the n e u r a l and h a e m a l sp in e s  of the v e r te b r a l c en tra . 
T h e r e  i s ,  th e r e fo r e , no g r e a t  o b s ta c le  to m o v em en t of the f in s  and  
th e ir  d eep er  b a sa l e le m e n ts  in  an a n te r io r  or p o s te r io r  d ir e c t io n .
T he m e c h a n ism  by w h ich  th is  m o v em en t i s  e f fe c te d  i s  not u n d ersto o d  
c le a r ly ,  but it i s  p o s s ib le  that the p r e s s u r e  of the d iffe r e n t ia l r a te s  
of grow th  in v a r io u s  p o r t io n s  of the body a r e  co n tr ib u tin g  fa c to r s .
D is ta n c e  fr o m  Snout to B a s e  of F ir s t  D o r s a l F in  R ay
In p lo ttin g  th e  d is ta n c e  fr o m  the snout to  the b a se  of the f ir s t  
d o r s a l  r a y , it  w as found th at th e s e  data gave a v e r y  ir r e g u la r  grow th  
cu rv e  (F ig . 3). F r o m  a s ta n d a rd  len g th  o f 25 m il l im e te r s  to  about 
35 m il l im e t e r s ,  th is  d im e n s io n  i s  in c r e a s in g  l e s s  r a p id ly  than the
14
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F ig u r e  3 -  D is ta n c e  fr o m  the snout to  th e  d o r s a l  f in  a s  
p e r c e n ta g e  of th e  sta n d a rd  len g th  o f ty r a n n u s* B la ck  
c i r c l e s  r e p r e s e n t  th e  a b so lu te  m e a su r e m e n t  in  m il l im e te r s .
15
SN
OU
T 
TO 
DO
RS
AL
 
IN 
MM
s ta n d a rd  len g th . B ey o n d  35 m i l l im e t e r s , th e r e  i s  a s lig h t  in c r e a s e  
in the ra te  of grow th , w h ich  is  not su ff ic ie n t  to  a lte r  g r e a t ly  the p r o ­
p o r t io n a l grow th . T h is  d im e n s io n  s t i l l  a p p ea rs  to  be g ro w in g  r e la ­
t iv e ly  s lo w e r  than th e w h o le . T w o in f le c t io n s  m a y  be s e e n , one at 
35 m il l im e te r s  and one at TO m il l im e t e r s .  T h is  f ig u r e  g iv e s  the a p ­
p e a r a n c e  of sh r in k a g e  in  th is  d im e n s io n , h o w ev er  th is  i s  on ly  r e la t iv e .  
W hen the a b so lu te  f ig u r e s  a r e  p lo tte d  (F ig . 3 , b la c k  c ir c le s )  an in ­
c r e a s e  in  grow th  of about 45  m il l im e te r s  i s  s e e n ;  th e r e fo r e ,  th is  
d im e n s io n  i s  a lw a y s  in c r e a s in g , but at a s lo w e r  ra te  than th e sta n d a rd  
len g th . F ig u r e  3 d id  not c o r r e sp o n d  to w ork  a c c o m p lis h e d  by L eb ou r  
(1922) o r  F o r d  (1 9 3 0 ). In tr y in g  to  a cco u n t fo r  th is  d is c r e p a n c y , it  
w a s s u s p e c te d  that the ra p id  grow th  of th e  h ead  cou ld  be the co m p lic a tin g  
fa c to r . T o  a v o id  c o m p lic a t io n s  a s s o c ia t e d  w ith  the rap id  grow th  of the  
h ea d , the h ead  len g th  w a s su b tr a c te d  fr o m  the m e a su r e m e n ts  of the  
snout to  the b a se  o f the f in . A lth ou gh  a s lig h t  e r r o r  r e s u lt s  fr o m  su b ­
tr a c tin g  a m e a su r e m e n t  m ade a lo n g  the m id - l in e  of the f i s h  fr o m  one 
m ad e at an a n g le  fr o m  the m id - l in e ,  th is  e r r o r  is  s m a ll  and co n sta n t.
F o r  p r a c t ic a l  p u r p o s e s , the r e s id u a l  d im e n s io n  d o es  not d iffe r  a p p r e c i­
a b ly  fr o m  one m e a su r e d  d ir e c t ly  fr o m  the p o s te r io r  ed g e  of the o p e r ­
cu lu m  to  the b a se  of the f i r s t  d o r s a l  ray . T he r e s u lt in g  data (F ig . 4) 
g iv e  a m o re  r e g u la r  grow th  c u r v e . F r o m  a sta n d a rd  len g th  of 25 m i l l i ­
m e te r s  to  35 m i l l im e t e r s ,  th is  body d im e n s io n  d e c r e a s e s  r e la t iv e  to  
the s ta n d a rd  len g th  by about 20 p e r  cen t. A t sta n d a rd  len g th s  b etw een  
35 and about 45 m i l l im e t e r s ,  th e  d im e n s io n  co n tin u es  to  d e c r e a s e
16
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F ig u r e  4  - D is ta n c e  f r o m  the sn o u t  to  the d o r s a l  f in  m in u s  
the h ea d  letigth  m e a s u r e m e n t  a s  p e r c e n ta g e  of the  s ta n d a rd
len g th  of Ik ty r a n n u s .
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r e la t iv e  to  the s tan d a rd  len g th , but at a s lo w e r  r a te .  F r o m  45 m i l l i ­
m e t e r s  on, a s l ig h t  i n c r e a s e  is  noted. In f le c t io n s  s t i l l  ap p ear at  
s ta n d a rd  len g th s  of 35 and 75 m i l l i m e t e r s ,  but th e s e  a r e  l e s s  w e l l  
d efin ed  than in  F ig u r e  3.
T he r e la t iv e  grow th  r a te s  of head  and body a r e  c o m p a r e d  in  
F ig u r e  5. Both  d im e n s io n s  h ave  b een  p lo tted  a s  p e r c e n ta g e s  of the  
l a r g e s t  m e a s u r e m e n t .  T h is  h a s  b een  r e p o r te d  in  F ig u r e s  3 and 6 in  
a r b i tr a r y  u n its  fo r  c o n v e n ie n c e .  A line  draw n at an a n g le  of 43  
d e g r e e s  through  the o r ig in  r e p r e s e n t s  eq u a l r a t e s  of grow th , or  
i s o g o n ic  grow th  a s  d e f in ed  by H u xley  (M artin , 1949). T h is  l in e  h a s  
b e e n  draw n in F ig u r e  5. It w i l l  be  s e e n  that in  the e a r ly  s t a g e s ,  grow th  
i s  a p p r o x im a te ly  i s o g o n ic  ( fr o m  25 to  23 m i l l i m e t e r s  s ta n d a rd  length ).  
T h e r e  fo l lo w s  an in te r v a l  in w h ich  the r a te  of grow th  of the h ea d  i n ­
c r e a s e s  sh a r p ly  ( fro m  23 to 34 m i l l i m e t e r s  s ta n d a rd  len gth ) ,  and  
f in a l ly  an e q u a lly  sh arp  d e c r e a s e  in grow th  ra te  of the h ead  so  that  
h ea d  and body g ro w  a g a in  at eq u a l r a t e s .
A s  i l lu s t r a te d  in  F ig u r e  6, the d im e n s io n s  snout to  f i r s t  
d o r s a l  r a y  m in u s  h ea d  len g th  and s tan d ard  len gth  have  b een  tr e a te d  
in  s im i la r  fa sh io n .  H e r e  it  i s  s e e n  that, fo llo w in g  an in i t ia l  p e r io d  of 
i s o g o n ic  grow th  ( fr o m  25 to 28 m i l l i m e t e r s  s ta n d a rd  len g th ) ,  the grow th  
r a te  of the p r e d o r s a l  d im e n s io n  d e c r e a s e s  s l ig h t ly  so  that the p a rt  i s  
gro w in g  at a s lo w e r  r a te  than the w h ole  ( fr o m  28 to 34 m i l l i m e t e r s  
s ta n d a rd  len g th ) ,  a f te r  w h ich  the p r e d o r s a l  grow th  ra te  i n c r e a s e s ,  but 
not s u f f ic ie n t ly  to eq u al that of the w h ole  body. T h e s e  i l lu s t r a t io n s
18
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F ig u r e  5 - H ead  len gth  in  a r b i tr a r y  u n its  p lo tted  a g a in s t  
s ta n d a rd  len g th  in  a r b i tr a r y  u n its ,  of ty r a n n u s . The  
u n its  w e r e  c h o s e n  s o  that the l in e  draw n throu gh  the o r ig in  
at an a n g le  of 45 d e g r e e s  r e p r e s e n t s  i s o g o n ic  grow th.
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F ig u r e  6 - D is ta n c e  f r o m  the snout to the  d o r s a l  f in  m in u s  
h e a d  len gth  of tyra n n u s  in  a r b i tr a r y  u n its  p lo tte d  a g a in s t  
the  s ta n d a r d  len g th  in a r b i tr a r y  u n its .  A s  in  F ig .  5, the  
l in e  r e p r e s e n t s  i s o g o n ic  grow th .
20
( F ig s .  5 and 6) sh o w  that during  s o m e  p h a se s  of e a r ly  d e v e lo p m e n t ,  
n otab ly  during the in te r v a l  of grow th  b e tw e e n  stan d ard  len g th s  of 28 
to 34 m i l l i m e t e r s ,  the h ea d  and the p r e d o r s a i  in te r v a l  d iffer  m a r k e d ly  
in  grow th  r a te .  T hus it  is  o b v iou s  that the p r e d o r s a l  d im e n s io n ,  in 
w h ich  the h ead  i s  in c lu d ed , i s  s tr o n g ly  a f fe c te d  by ch a n g es  in the  
grow th  r a te  of the head .
Once the m y o m e r e s  a r e  fo r m e d ,  th ey  do not change in n u m b er  
w ith  grow th; th e r e fo r e ,  the p o s i t io n  of the f i r s t  d o r s a l  f in  r a y  m a y  be  
d e s c r ib e d  a c c o r d in g  to i t s  p o s i t io n  r e la t iv e  to t h e s e  m e r i s t i c  e le m e n ts .  
T he cou n ts  show  an a b so lu te  m ig r a t io n  of the d o r s a l  f in  o v e r  13 m y o ­
m e r e s ,  u n til  a s ta n d a rd  len g th  of about 35 m i l l i m e t e r s  i s  a t ta in ed  
(F ig .  7). At a len gth  of 25 m i l l i m e t e r s ,  the d o r s a l  f in  i s  lo c a te d  ju st  
p o s t e r io r  to the 2 1 s t  m y o m e r e ,  and o n ce  a s ta n d a rd  len gth  of 35 m i l l i ­
m e t e r s  i s  a tta in ed , the f in  i s  d ir e c t ly  p o s t e r io r  to the 9th m y o m e r e .  
F ig u r e  7 sh o w s that the d e c r e a s e  in the p r e d o r s a l  r e g io n ,  r e la t iv e  to  
the s ta n d a rd  len g th , i s  due a lm o s t  e n t ir e ly  to th is  fo r w a r d  m ig r a t io n  
of the d o r s a l  f in . M y o m e r e s  w e r e  not cou n ted  in f i s h  h av in g  a s ta n d a rd  
len gth  of m o r e  than 53 m i l l i m e t e r s  s in c e  the m u s c le  bands w e r e  d i f f i ­
cu lt to o b s e r v e  o n ce  the s c a l e s  w e r e  fo r m e d .  H o w e v e r ,  a l l  f i s h  o v e r  
40 m i l l i m e t e r s  in len gth  had  n ine m y o m e r e s  in  th is  r e g io n ,  and it 
w a s a s s u m e d  that the a n te r io r  m ig r a t io n  of the f in  r e la t iv e  to the m u s c le  
bands had  c e a s e d  at th is  s ta n d a rd  length .
D is ta n c e  f r o m  the Snout to  B a s e  of F i r s t  A n a l Ray
The anal f in  a p p e a r s  to m ig r a te  in s im i la r  fa sh io n  to the 
d o r s a l ,  a lth ou gh  the m o v e m e n t  i s  l e s s  e x t e n s iv e .  The p lo tted  data
21
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F ig u re  7 -  M e an  n u m b e r o f m y o m e re s  f r o m  th e  p o s te r io r  
edge o f the  o p e rc u lu m  to  th e  d o rs a l f in  o f B* ty ra n n u a ,
22
(F ig .  8) sh o w  the i r r e g u la r i t y  that r e s u l t e d  w hen  th is  d im e n s io n  in ­
c lu d ed  the h ead  r e g io n .  F r o m  a s tan d a rd  length  of 25 m i l l i m e t e r s  
to 30 m i l l i m e t e r s ,  the grow th  r a te  of the p r e a n a l  r e g io n  i s  lo w , r e l a ­
t iv e  to that of the e n t ir e  body. O nce a s tan d ard  len gth  of about 30 
m i l l i m e t e r s  is  r e a c h e d ,  h o w e v e r ,  the r a te  ox grow th  of the p r e a n a l  
r e g io n  i n c r e a s e s  v e r y  s h a r p ly ,  so  that th is  d im e n s io n  g r o w s  at a 
c o n s id e r a b ly  h ig h e r  ra te  than the body. A t a len g th  of 40 m i l l i m e t e r s ,  
the p r e a n a l  r e g io n  a ga in  i s  r e la t iv e ly  a s  long a s  it  w a s  at 25 m i l l i ­
m e t e r s .  B ey o n d  a s ta n d a rd  len gth  of 40 m i l l i m e t e r s ,  th e r e  i s  a 
c o n fu se d  p ic tu r e  of in c r e a s e  and d e c r e a s e  in the r e la t iv e  p r o p o r t io n  
of th is  body r e g io n .  S in c e  it had b een  found that the rap id  grow th  of  
the head  r e g io n  had d is t o r t e d  the r e la t io n s h ip  b e tw e e n  p r e d o r s a l  and  
s ta n d a rd  len g th , it  w a s  d e c id e d  to e l im in a te  the len gth  of the h ead ,  
a s  w a s  done for  the p r e d o r s a l  m e a s u r e m e n t .  The r e s u lt in g  data (F ig .
9) show  an e n t ir e ly  d if fe r e n t  grow th  p a ttern  than F ig u r e  8, but one  
that i s  s im i la r  to F ig u r e  4. T h is  body r e g io n  b e c a m e  r e la t iv e ly  
s m a l l e r ,  and fr o m  a s ta n d a rd  len gth  of 25 m i l l i m e t e r s  to about 35 m i l l i ­
m e t e r s ,  th is  d im e n s io n  i s  d e c r e a s in g  r e la t iv e  to  the s tan d a rd  length .  
F r o m  a sta n d a rd  len g th  of 40 m i l l i m e t e r s ,  th is  r e g io n  i s  g ro w in g  at 
a p p r o x im a te ly  the s a m e  r a te  a s  the w hole . A s l ig h t  in f le c t io n  m a y  be  
s e e n  at a s tan d ard  len gth  of 70 m i l l i m e t e r s .
When the m y o m e r e  cou n ts  w e r e  p lo tted ,  it  b e c a m e  ev id en t  
that the d e c r e a s in g  b od y  p r o p o r t io n  w as  due to an a c tu a l  fo r w a r d  m i ­
g ra t io n  of the an a l f in ,  r e la t iv e  to the body m u s c l e s .  The anus is
23
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F ig u r e  8 - D is ta n c e  f r o m  the sn ou t  to  the  an a l f in  a s  p e r  
ce n ta g e  of the  s ta n d a rd  len g th  of tyran n u s .
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F ig u re  9 - D is ta n c e  f r o m  sno u t to  the a n a l f in  m in u s  the 
head le n g th  as p e rce n ta g e  o f the  s ta n d a rd  le n g th  o f JB. ty ra n n u a
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a lw a y s  s itu a te d  im m e d ia te ly  a n te r io r  to the f i r s t  an a l r a y .  It f o l lo w s ,  
t h e r e f o r e ,  that the anus a l s o  m ig r a te s  a n te r io r ly ,  and thus the d i ­
g e s t iv e  t r a c t  b e c o m e s  r e la t iv e ly  s h o r te r .  T he anus m ig r a te s  o v e r  5 
m y o m e r e s  a s  the s ta n d a rd  len gth  i n c r e a s e s  f r o m  25 to 35 m i l l i m e t e r s  
(F ig .  10). B ey o n d  th is  p o in t, the anus r e m a in s  f ix e d  r e la t iv e  to the  
m y o m e r e s  w ith  o n ly  s l ig h t  d e v ia t io n s  due to in d iv id u a l v a r ia t io n .
The m ig r a t io n s  of the anus and the a n a l f in  w e r e  not a s  e x t e n s iv e  as  
w e r e  th o se  of the d o r s a l  f in . S in c e  e a c h  m ig r a t io n  o c c u r r e d  during  
an in te r v a l  of grow th  of ten  m i l l i m e t e r s ,  i t  m a y  be co n c lu d ed  that the  
d o r s a l  m ig r a te s  m o r e  ra p id ly .  It w a s  p o s s ib le  to count the m y o m e r e s  
f r o m  the snout to the anus in  a l l  the f i s h ,  s in c e  in  the m en h ad en  th e s e  
m u s c l e s  a r e  m o r e  e a s i l y  s e e n  a lon g  the v e n tr a l  s u r fa c e .
D is ta n c e  f r o m  Snout to B a s e  of P e lv i c  F in
A s  i l lu s t r a te d  in F ig u r e  11, the p r e p e lv ic  r e g io n  in c r e a s e s  in  
len gth  v e r y  ra p id ly  r e la t iv e  to the grow th  of the body. At a s tan d a rd  
len g th  of 25 m i l l i m e t e r s ,  the  p e lv ic  f in  l i e s  so m e w h a t  a n te r io r  to the 
m id -p o in t  of the body. When a s ta n d a rd  len gth  of 33 to  40 m i l l i m e t e r s  
i s  r e a c h e d ,  the p e lv ic s  a r e  w e l l  beh ind  th is  m id -p o in t .  P a s t  40 m i l l i ­
m e t e r s ,  the grow th  r a te  of the p r e p e lv ic  r e g io n  d e c r e a s e s  r e la t iv e  
to the grow th  rate  of the  body, but th is  d e c r e a s e  i s  r a th e r  s l ig h t .
The p r e p e lv ic  d im e n s io n ,  a s  m e a s u r e d  f r o m  the tip of the  
snout, i s  c o m p le x  in that it  in c lu d e s  two d is t in c t  body r e g io n s ,  the  
h ead , and the p e c t o r a l - p e lv i c  in te r v a l .  S in c e  the h ea d  i s  c h a r a c t e r iz e d  
by a r a th e r  p e c u l ia r  grow th  p a tte r n ,  it  i s  in te r e s t in g  to  e x a m in e  the
26
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F ig u re  10 - M e a n  n u m b e r o f m y o m e re *  f r o m  the  p o s te r io r  
edge o f the  o p e rc u lu m  to  the  anus o f JEL ty ra n n u s *
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Figure 11 - Distance from the snout to the pelvic fin as 
percentage of the standard length of tyrannus.
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grow th  of the p r e p e lv ic  r e g io n  e x c lu s iv e  of the head . T h is  a p p r o x i­
m a te s  the d is ta n c e  f r o m  the b a s e  of the p e c to r a l  f in  to the b a se  of the  
p e lv ic .  A s  sh ow n  in F ig u r e  12, a d is t in c t ly  d iffe r e n t  p a ttern  of grow th  
e m e r g e s .  It i s  now  s e e n  that th is  d im e n s io n  b e c o m e s  p r o p o r t io n a te ly  
s m a l le r  a s  the f i s h  in c r e a s e s  in length  fr o m  25 m i l l i m e t e r s  to about 
70 m i l l i m e t e r s .  T he ra te  of d e c r e a s e  b e c o m e s  p r o g r e s s i v e l y  l e s s  as  
the f i s h  i n c r e a s e s  in s i z e .  P a s t  a s ta n d a rd  len gth  of 70 m i l l i m e t e r s ,  
th e r e  a p p e a r s  to  be s o m e  ten d en cy  for  th is  r e g io n  to in c r e a s e  in  r e l a ­
t iv e  s i z e .  A s im i la r  in c r e a s e  i s  e v id e n t  in  the data of the d o r s a l  and 
anal f in s .  M inor i r r e g u la r i t i e s  in the cu rv e  can p erh a p s  be a ttr ib u ted  
to  s a m p lin g  e r r o r .
T he p e lv ic  g ir d le  f o r m s  w ith in  the m u s c u la r  s tr u c tu r e  of a 
p a r t ic u la r  m y o m e r e .  A lthough  th e r e  is  s o m e  s l ig h t  v a r ia t io n  in the  
s e r i a l  n u m b er  of the m y o m e r e  to w hich  the f in  i s  a t ta ch ed , th e r e  a p ­
p e a r s  to be no p r o g r e s s i v e  change w ith  grow th .
B ody D epth
A s  p o in ted  out p r e v io u s ly ,  two m e a s u r e m e n ts  of body depth  
w e r e  m a d e , one at the p o s t e r io r  ed ge  of the o p e r c u lu m , and one at 
the d e e p e s t  p a r t  of the body, i r r e s p e c t i v e  of lo c a t io n .  In g e n e r a l ,  
the point of g r e a t e s t  depth o c c u r r e d  c lo s e r  to the h ead  as  the f i s h  
i n c r e a s e d  in  length . A s  i l lu s t r a te d  in F ig u r e s  13 and 14, the two  
m e a s u r e m e n ts  sh o w  s im i l a r  grow th  p a tte r n s .  T he body i n c r e a s e s  
in  depth r a p id ly  fr o m  a s tan d a rd  len gth  of 25 m i l l i m e t e r s  to  33 m i l l i ­
m e t e r s .  S u b seq u en t ly ,  the ra te  of in c r e a s e  in  r e la t iv e  depth s lo w s
29
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F ig u re  12 - D is ta n c e  f r o m  the  sn o u t to  the  p e lv ic  f in  m in u s  
head  le n g th  as p e rc e n ta g e  o f the  s ta n d a rd  le n g th  o f EL ty ra n n u s .
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F ig u r e  13 - G r e a t e s t  body depth a s  p e r c e n ta g e  o f  the stan d ard
len g th  of B . ty ra n n u s .
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F ig u re  14 - D ep th  o f body a t the  p o s te r io r  edge o f the  o p e rc u lu m  
as p e rc e n ta g e  o f the  s ta n d a rd  le n g th  o f ty ra n n u s .
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sh a r p ly ,  but co n tin u es  u n til  a length  of about 70 m i l l i m e t e r s  i s  r e a c h e d .  
P a s t  th is  s i z e ,  the depth ten d s  to d e c r e a s e  s l ig h t ly  r e la t iv e  to the  
s ta n d a rd  length .
N u m b er  of D o r s a l  and A nal F in  R ays  
Kuntz and R a d c li f fe  (1917) s ta te  that at 23 m i l l im e t e r s  a l l  
f in s  a r e  d if fe r e n t ia te d  and a l l  the f in  r a y s  a r e  p r e s e n t .  T h is  w a s  not 
e n t ir e ly  su b s ta n t ia te d  in  the p r e s e n t  s tu d y , fo r  w hen  the f i s h  w e r e  
g rou p ed  a c c o r d in g  to  in c r e a s in g  in te r v a ls  of s tan d a rd  len gth , the  
m e a n  n u m b er s  of r a y s  in the m ed ia n  f in s  sh o w ed  a s l ig h t  ten d en cy  to  
i n c r e a s e  up to a s ta n d a rd  len g th  of a l i t t le  o v e r  30 m i l l i m e t e r s  (T a b le  
2), It h a s  b e e n  o b s e r v e d  b y  o th er  w o r k e r s ,  in v e s t ig a t in g  the d e v e lo p ­
m en t of t h e s e  f in s  in o th er  c lu p eo id  s p e c i e s ,  that the r a y s  a r e  not  
a l l  p r e s e n t  u n til  a s tan d a rd  len gth  of about 30 m i l l i m e t e r s  i s  r e a c h e d  
(L.ebour, 1922; M cH ugh, 1950). It a p p e a r s  that in  the m en h ad en  th is  
i s  a l s o  tru e .  U n fo rtu n a te ly ,  the e n t ir e  p a t te r n  of f in  ra y  fo r m a t io n  
in the m en h ad en  w as  not o b s e r v e d ,  fo r  f i s h  s m a l le r  than 25 m i l l i ­
m e t e r s  w e r e  not a v a i la b le .
33
T A B L E  2
M E A N  N U M B E R S  O F D O R S A L A N D  A N A L  F IN  RAYS
S ta n d a rd  
le n g th  in  
m i l l im e te r s
2 4 -25
26
27
28
29-31
32 -3 4
35 -36
37 -38
39 -40
41 -4 3
M e an  n u m b e r 
o f d o rs a l 
f in  ra y s
20 .41
20. 28
20. 58
2 0 . 66
20. 84
20. 89
21. 00
21. 07 
20. 90
21. 03
M ean n u m b e r 
o f a n a l 
f in  ra y s
2 0 . 96
21. 03
21. 30
2 1 .4 2
21 .47
21. 59
21. 84
22. 36
22. 16 
2 2 . 10
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SUM M ARY AND CONCLUSIONS  
In th e ir  e a r ly  d e v e lo p m e n t ,  the c lu p e o id  f s h e s  a r e  c h a r ­
a c t e r i z e d  by s e v e r a l  d is t in c t  m o r p h o lo g ic a l  p h a s e s .  E m b r y o n ic  grow th  
i s  ty p ic a l ly  of sh o r t  d u ration , u s u a l ly  o ccu p y in g  but a f e w  d a y s .  On 
h atch in g , the la r v a  i s  th in  and tr a n sp a r e n t ,  r e la t iv e ly  p o o r ly  d e ­
v e lo p e d ,  and b e a r s  a  s m a l l  y o lk - s a c .  T h is  s ta g e  i s  t e r m e d  th e  p r o ­
la r v a .  T h e  y o lk - s a c  d isa p p e a r s  w ith in  a fe w  days of h a tch in g , but 
o th e r w is e  the young f i s h  r e ta in s  i t s  la r v a l  c h a r a c t e r i s t i c s .  It i s  now  
known a s  a p o s t la r v a ,  and r a n g e s  in s tan d ard  len g th  f r o m  5 o r  6 to  
p e r h a p s  10 m i l l i m e t e r s  in length .
T he p o s t la r v a l  s ta g e  i s  m o r e  p r o tr a c te d ,  and m a y  p e r s i s t  
fo r  one or  tw o m o n th s .  The p o s t la r v a  r e m a in s  a lm o s t  e n t ir e ly  t r a n s ­
p a ren t ,  a lth ou gh  p ig m en t  sp o ts  d ev e lo p  in c e r ta in  r e g io n s ,  n otab ly  in  
the r e g io n  of the d ig e s t iv e  t r a c t ,  on the head , and a long  the b a se  of 
the an a l f in  {Kuntz and R a d c l i f fe ,  1917). At s ta n d a rd  len g th s  of 25 
to  35 m i l l i m e t e r s ,  depending  on the s p e c ie s  and to s o m e  ex ten t  on e n ­
v ir o n m e n ta l  co n d it io n s ,  a r e m a r k a b le  tr a n s fo r m a t io n  ta k e s  p la c e  
w ith in  a s h o r t  t im e .  F o l lo w in g  th is  t r a n s fo r m a t io n ,  the f i s h  i s  known  
a s  a ju v e n ile  (H u b b s , 1943).
A lthough  a l l  the ch a n g es  that r e s u l t  in  the a tta in m en t of 
the ju v e n ile  s ta g e  do not o c c u r  e x a c t ly  at o n c e ,  th ey  a r i s e  during a 
s u f f ic ie n t ly  sh o r t  p e r io d  so  that a c o m p le te  change in a p p ea ra n ce  r e ­
s u l t s .  T h e  body sud d en ly  a c q u ir e s  the p ig m en ta t io n  and a p p ro x im a te  
p r o p o r t io n s  of the adult; the r a y s  in the m ed ia n  f in s  a r e  a l l  p r e s e n t;
35
s c a l e s  a r e  p r e s e n t  on m o s t  a r e a s  of the body; and the f i s h  sud d en ly  
i s  r e c o g n iz a b le  by  i ts  s im i l a r i t y  to  the p a r e n ts .  B ey o n d  th is  po in t,  
fu r th e r  ch a n g es  take p la c e ,  but th ey  a r e  g ra d u a l,  and r e s u lt  in no  
fu r th e r  fu n d am en ta l a l te r a t io n  of fo r m .
It i s  w ith  th is  e a r ly  d e v e lo p m e n ta l  p e r io d  that th is  study  
i s  c o n c e r n e d .  In the m en h aden , it h a s  b een  found that the g e n e r a l  
ch a n g es  d e s c r ib e d  above a r e  r e p e a te d  in  m o s t  e s s e n t i a l  d e ta i l s .  It 
h as  b een  o b s e r v e d  that the r a te s  of change of a l l  body p r o p o r t io n s  
in v e s t ig a te d  sh o w  sh a r p  in f le c t io n s  at two s ta g e s  in d e v e lo p m e n t ,  
f i r s t  at a s tan d ard  len gth  of s l ig h t ly  m o r e  than 30 m i l l im e t e r s  and  
a ga in  at about 70 m i l l i m e t e r s .
H ead  grow th  w a s  found to in c r e a s e  at a f a s t e r  ra te  than 
the s tan d ard  len gth , changing  f r o m  22 to 35 p e r  cen t during a grow th  
in te r v a l  of 10 m i l l i m e t e r s  s ta n d a rd  length . T h is  f a s t  grow th  a f fe c te d  
the grow th  p a ttern  of the fo l lo w in g  body p a r ts ;  Snout to  the D o r s a l  
F in ,  Snout to  the A n a l F in ,  and Snout to the P e l v i c  F in .  T h is  e f fe c t  
a p p ea rs  to  be m o r e  p ro n o u n ced  the c lo s e r  the m e a s u r e m e n t  i s  to  
the head . T o  a v o id  th is  e f f e c t ,  the h ead  len gth  w a s  su b tr a c te d  f r o m  
the r e s p e c t iv e  m e a s u r e m e n t s .  A b e t te r  m eth o d  of e l im in a t in g  the  
h ead  r e g io n  w ould  be to m a k e  the m e a s u r e m e n t  f r o m  s o m e  f ix e d  point  
on the body su c h  as  the f i r s t  v e r te b r a ,  or  to m ak e  a l l  the m e a s u r e m e n ts  
along the m id - l in e  of the f i s h .  In th is  w ay , m e a s u r e m e n ts  cou ld  be  
s u b tr a c te d  without any r e s u lt in g  e r r o r .
R e la t iv e  m o v e m e n t  of the u n p a ired  f in s  o c c u r r e d  during  a 
grow th  in te r v a l  of 10 m i l l i m e t e r s  s tan d a rd  len gth , t e r m in a t in g  at
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about 35 m i l l i m e t e r s .  D uring  th is  in te r v a l ,  the d o r s a l  f in  m ig r a te d  
about o n e - f i f th ,  and the anal f in  about o n e - s e v e n t h  of the s tan d a rd  
len g th  of the body. A s s o c ia t e d  w ith  the m o v e m e n t  of the a n a l f in  i s  
the fo r w a r d  m ig r a t io n  of the a n u s ,  w h ich  m o v e d  fo r w a r d  o v e r  5 m y o ­
m e r e s ,  w h ile  the d o r s a l  f in  m ig r a te d  o v e r  about 14 m y o m e r e s .  T he  
d o r s a l  f in  m o v e d  a m u ch  g r e a t e r  d is ta n c e  than the anal f in .  I n f le c ­
t io n s  in  th e s e  c h a r a c t e r s  o c c u r r e d  at about 35 m i l l im e t e r s  and aga in  
at 70 m i l l i m e t e r s  s ta n d a rd  len gth . T he f i r s t  in f le c t io n  is  a s s o c ia t e d  
w ith  m e ta m o r p h o s i s ,  the change f r o m  p o s t la r v a  to ju v e n ile ,  w h ile  the  
la t t e r  m a y  be a s s o c ia t e d  w ith  a  change f r o m  the ju v e n ile  to  the young  
f i s h .
T he p a ir e d  f in s  sh o w ed  no m ig r a t io n  w ith  r e s p e c t  to  the  
m y o m e r e s  during the e n t ir e  p e r io d ,  bm  the d is ta n c e  f r o m  p e c t o r a ls  
to  p e lv i c s  i n c r e a s e d  at a s lo w e r  ra te  than the s tan d a rd  length . A s  the  
f i s h  in c r e a s e d  in s tan d a rd  len g th  fr o m  25 to about 35 m i l l i m e t e r s ,  
th is  r e g io n  d e c r e a s e d  in r e la t iv e  len gth  by  about o n e - f i f t ie th  of the  
s ta n d a rd  len gth . At m e t a m o r p h o s i s , th is  d im e n s io n  sh o w ed  a p r o ­
p o r t io n a te  in c r e a s e ,  p rob ab ly  c a u s e d  by a sh r in k a g e  or red u ct io n  in  
len gth . In s o m e  h e r r in g ,  su c h  a s  A lb u la  v u l p e s , the la r v a  i s  f la t te n e d ,  
t r a n sp a r e n t  and s im i l a r  to the le p to c e p h a lu s  o f  the A n g u i l l i fo r m e s  
( L a n c a s t e r , 1901). It i s  known that in the e e l  the m e ta m o r p h o s is  
f r o m  le p to c e p h a lu s  to e l v e r  i s  a s s o c ia t e d  w ith  sh r in k in g  of the body.  
T h e  m enhaden  at m e ta m o r p h o s is  m a y  u n d erg o  a s l ig h t  sh r in k a g e .
T h is  w ou ld  a cco u n t  fo r  the in f le c t io n  in the c h a r a c te r s  at about 35 
m i l l i m e t e r s .  A t 70 m i l l i m e t e r s , th e r e  i s  an other  in f le c t io n  w h ich
F o r d  (1930) found in s e v e r a l  c lu p eo id  s p e c i e s ,  but at a m u ch  s m a l le r  
s i z e .
T he m o s t  rap id  i n c r e a s e  in body depth o c c u r r e d  f r o m  ZS to  
a l i t t le  o v e r  30 m i l l i m e t e r s  s ta n d a rd  len g th , w ith  a s m a l l e r  p r o p o r ­
t io n a l  in c r e a s e  f r o m  40 to 80 m i l l im e t e r s  s tan d a rd  length . In p o s t -  
la r v a l  f i s h  the g r e a t e s t  depth  i s  ju s t  a n te r io r  to the d o r s a l  f in ,  w h ich  
i s  p la c e d  to w a rd s  the p o s t e r io r  r e g io n  of the f i s h .  A s  the f i s h  i n c r e a s e s  
in s i z e ,  the g r e a t e s t  depth fo l lo w s  the fo r w a r d  m ig r a t io n  of the f in  
u n til  a s tan d ard  len gth  of a l i t t le  o v er  30 m i l l i m e t e r s  i s  a tta in ed , at 
w h ich  t im e  the g r e a t e s t  depth i s  found at the p o s t e r io r  ed g e  of the  
o p e r c u lu m . In f le c t io n  at 70 m i l l im e t e r s  m a y  show  the change fr o m  
the ju v e n ile  to  the young f is h .
A n a l and d o r s a l  f in  r a y s  w e r e  found to in c r e a s e  up to  a  
stan d a rd  len gth  of a l i t t le  o v e r  30 m i l l i m e t e r s .  The a v e r a g e  adult  
n u m b er  of r a y s  i s  a p p r o x im a te ly  21. In the grow th  of the p o s t la r v a e ,  
a m e ta m o r p h o s is  w ith  a  p o s s ib le  body sh r in k a g e  i s  ev id en t  at a l i t t le  
o v e r  30 m i l l i m e t e r s  s ta n d a rd  length . Once th is  s i z e  i s  r e a c h e d ,  the  
f i s h  m ay be c a l le d  a ju v e n ile .  A t about 70 m i l l i m e t e r s  s tan d ard  
len gth  an in f le c t io n  i s  e v id e n t  in a l l  of the c h a r a c t e r s  and th is  m a y  be 
a s s o c i a t e d  w ith  the change f r o m  the ju v e n ile  to  the young f is h .  G row th  
f r o m  the p o s t la r v a  to  the young f i s h  i s  a s s o c ia t e d  with a ra p id  change  
in  body p r o p o r t io n s  w h ich  r e s u l t s  in an a tta in m en t of the adult  
c h a r a c t e r i s t i c s .
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